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Introduction

Various measurements were conducted with a Nal
FLIR IdentiFINDERZ2 to examine the effects of:

The radiation scattering environment
Hotspot misalignment effects

Dead time

INL Coin

Neutrons

Thermal variations

This brief study is by no means conclusive but it
offers examples of how the conditions of the
measurement can affect the result.




Scattering Study

The first experiment involves studying the effect
of placing the identiFINDER on the ground to
measure a source.

A ‘baseline’ measurement was conducted with
the detector and source both on tables

Then several different measurement
configurations were tested.




Baseline Measurement

Tables are composite wood
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Other Configurations

On tyrofam, pointed toward source
source P pe

\

|2

Distance was properly measured
—. and detector was ‘in the carets’
e for each configuration.

1055 of 3005 2904 cps
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GADRAS Activity Calculation

(S

File  Tools View

- H —ti r
eventlList.pcf,7 - eventList.pcf, 1 live-tim e —re %
chi-squ
File  Display
5 | Errereerereers ST TUETE [ SOTEIC TSR COCOOeeEnooons
10 ! ! ' ! ' j ' ' ! detector name : STUDY¥\Cs137ScattStudy
[ ] 137CS.1C distance (cm) : 100

foreground spectrum: eventlist.pef,?
background spectrum: eventList.pcf,l
collect datestime : 10-Rug-Z015 00:18:00

Scuzce Chisgz Activity Units AN  AD Gain(%)

137¢s 2_9 Ci 10.0 0.0 0.0

137¢S, 531uCi

4 b
L

‘ 531.6 uCi (low by ~30%)

Counts / Channel

T T

1 L \ | L il 1. 1R
! 500 1000 1500 2000 2500 3000
Energy (keV)

Count Rates (cps): 1863.8, 1752.7, 1752.7

For all cases the estimated activity was ~20 — 30 % lower than actual
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Scattering Study Summary

Placing the detector on the ground may affect the
analysis of the data in terms of scattering, but this effect
Is generally tolerable at the Triage level because Triage
IS more interested in determining radionuclide ID than
quantifying activity/mass precisely.
The effect for these measurements was that the estimated
activity was ~20 — 30 % lower than actual

For these measurements, nuclide identification was minimally
affected

However, if the detector is not aligned with the hotspot
other issues may complicate the analysis




Why do we care about distance?

We need to know the source-to-
detector distance to calculate the
activity or mass of the source.

The observed count rate in these
two cases could be the same.

v-ray field



Quoting the Wrong Distance

composite-wood table

This may seem obvious but to state it for completeness, misaligning the
detector and hotspot can result in an incorrectly-assumed distance
between the source and detector.

Note also that, in general, detectors are characterized for analysis
assuming that the source is in front of the detector.
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Quoting the Wrong Distance

Using: 27 cm (correct)

r
8 Hotspotaligned_Foam.spe

Using: 10 cm (wrong)
D--@-g‘ .

-
i HotspotMisaligned_Foam.spe

= |

File Tools  View — File Tools View
eventList.pcf,6 - eventList.pcf,1 live-time(s) = 297.00 eventlList.pcf,8 - eventList.pcf, 1 live-time(s) = 296.00
chi-square = 1.84 chi-square = 4.27
10° . ‘ . 10° . ‘ .
B 137CS ] B 137CS
T 10 E T . E
£ £ Note that quoting the wrong
£ g : . - > ]
S o distance is not simply a 1/r
~ 10 E =~ E
2 2 effect. It actually affects the
3 3 model of the scattering
2 _ .
10 E continuum.
10 a2 Analysis Re;ults = ol 10 al Analysis Results b‘@_‘g‘
File Display File Display
|| Court Rt coe): 36659, 25086 i;i;;:;inéf;eumi zlanﬂulpd'ﬁ f |[Court Rates () 4549 i;i:;’s;;c:;ectmi lsmthst_pd_a f

collect date/time - 16-Oct-2015 16:28:06

spectrum: eventList.pef,1
collect date/time - 16-Oct-2015 16:19:28

reduced chi-sguare : 1.840 weight range (keV): 23-233% reduced chi-square - 4_278 weight range (keV): ZZ-2338
relative b = 1.000 b unc (%): 0.000 relative b - 1.000 b unc (%): 0.000
mult-regres. coeff.: 0.988 template error (%): 5.000 mult-regres. coeff.: 0.3973 template error (%): 5.000
GainShift (%) H 0.000 = GainShift (%) N 0.000
Source AN 2D Source Weight (gm) 2N AD
137Cs . - &.5 0.9 137Cs 144E-07 8.1 &
137cs,129u4:1(6_5,o_s)\ kT 137CS, 25 BuCi|5. Frse
- « \N

| - . _

\

With Correct Distance: 129 uCi
(low by ~10%)

m

With Incorrect Distance:
(low by ~80%)
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Distance and Hotspot Alignment

If the detector taking the spectrum is not aligned
with the hotspot

A mistake might be made in quoting the source-to-detector distance
Intervening materials may obscure the source
Hotspot

X

\‘ Detector

o ¥
ey
'
=
Y




Misalignment with the Hotspot

Shipping Container
Hotspot Elevated above Ground

Without something to support the
detector, you might be tempted to
just put it on the ground.

source
- «— Hotspot
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Misalignment with the Hotspot

We assume that the presence of the steel block on which the source sits is hidden by a
container wall. We now may have the wrong distance and unnecessary shielding.
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Unnecessary Intervening Materials

T _'Elﬂlﬂ1

“ HotspotMisaligned_Steel.spe “ -

File Tools View
eventList.pcf,9 - eventList.pcf, 1

10*

live-time(s) = 295.00
chi-square = 2.89

Counts / Channel

Court Rates (cps). 1603.9, 1456 2, 14562

500 1000

Quoting the RIGHT |
distance (19 cm)

137CS

Activity (mCi Ppx. o
137Cs 13.46 +/- 0.05 B¢ 733 765
137CS, 13.5mC1{73.9,76.5} N =2 I
« »

v]

The several cm of steel
complicates the activity
modeling analysis.

Activity calculated as 13.5 mCi
(high by a factor of 100)
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Misalignment Summary

Misaligning the detector and hotspot may skew
the analysis results.

The bottom line is, do the best you can to align
the detector with the hotspot.

If you can’t, then document the measurement configuration as
best as possible (photos with fiducials, drawings with dimensions,

written descriptions, etc.)




Electronic Dead Time

Detector electronics are busy or “dead” while processing a pulse.

System is ready to process

Multiple gammas may hit the Incoming pulse train the next pulse.
detector so close in time that the Detector
system can’t process them all. Electronics
detector \ / The system is busy processing a pulse so

oy the next pulse is lost.
> Radi o Materlal
8 i =g
sl g Detector
Exampt Quantity

b Electronics

R R S R

ST e L
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Managing Dead Time

We can live with the detector being outside
the carets.

If the needle is too high, move away, do not
add shielding if possible




DT on Low Side of Range

- 1'.
B

"
~

Distance: 210 cm’~._




DT on Low Side of Range

PeakEasy Ver. 4.79 Low_DT_210cm.spe + SourceAndDetOnTable_75cmOffFloor.spe
Livetime: 299.0 sec Deadtime: 0.33 % Neutrons: 0.067 cps
1044
BLK: DT on Low Side of Range
BLU: Baseline
10
£ 102
3 ]
Q
O
10"
: Al M
0
19" Count rate ~ 800 — 900 cps
Livetime Normalized | ‘
0 - I5c|>o| o I1o|oo' o '15|oo' o '2o|oo| o .25,00. o Isoloo
Energy (keV)
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DT on Low Side of Range

File Tools View

eventList.pcf,4 - eventList.pcf,1 live-time(s) = 299.00
chi-square = 2.41
10° g . . —————— ]
B 137CS,1C 1 |
i ||
10° 1 |
! ]
o 1 |
10° | . |

Counts / Channel

T

1000 1500 2000 2500 3000

BRI GE L i

|

|

\' ]
| 500

| Energy (keV)
Count Rates (cps): 725.1, 668.0, 6620

« Los Alamos

NATIONAL LABORATORY

EST.1943



DT on High Side of Range

Distance is 45 cm




DT on High Side of Range

PeakEasy Ver. 4.79 DT_HighSideOfAcceptableRange.spe + SourceAndDetOnTable 75cmOffFloor.spe
Livetime: 291.0 sec Deadtime: 3.00 % Neutrons: 0.023 cps
10°
Note Gain Shift BLK: DT on High Side of Range
BLU: Baseline (on Tables)
104
103
8
=
8
102 ,
L
101— “h || ‘A“ M
M
HM 1l I
Count rate ~ 8000 — 9000 cps |\ H H \| T T
0 S 5(|)D 10|00 S 1500 2000 - 25|00 - 30|00
Energy (keV)
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DT on High Side of Range

Eile Tools View

eventList.pcf,2 - eventList.pcf, 1 live-time(s) = 291.00
chi-square = 3.61

137CS,1C 1

o Analysis Results - o o ] |

File Display i
“““““““““ CIThTE CLUTATE B CETEC MOEEIEEED D0ootoononoonan

detector name : STUDY\Csl137ScattStudy

distan (cm) : 45

fozreg

d spectrum: eventList.pcf,2
background spectrum: eventList_pef, 1
collect date/vime : 10-Aug-2015 00:37:43

Source = &N AD Gain(%)

137CS 8.3 0.8 0.0

Z i ‘
i
137C8, 733uCi{9.8, 0.8} W

783.1 uCi (high by ~3%) -

Counts / Channel

| L Ll | L |

1000 1500 2000 2500 3000
Energy (keV)

Count Rates (cps): 8621.4, 82633, 8262.3
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The Danger of Adding Shielding

HEU in Film Can plus two 137Cs sources were measured with and without the INL coin

_ 137Cs Sources INL Coin P

You may be tempted to use shielding to put the IdentiFINDER ‘in te carets’ — don't.

« Los Alamos
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HEU & 137Cs, Linear Scale

Livetime: 303.9 sec Deadtime: 1.01 %

Neutrons: 0.013 cps

9.0+4+

8.0+4+

7.0+4+

6.0+4+

5.0+4+

Counts

4.0+4-

3.0+44

2.0+4+

1.0+4+

144, 186 keV (235V)

137Cs backscatter

BLK: HEU + 137Cs thru INL Coin

RED: HEU + 37Cs

662 keV (137Cs)

| T T T T | T T T T |
200 400 600

Energy (keV)

I
800

U T
1000

Note that the '4” of Pb in the INL Coin effectively kills the 235U signature!
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Max Dead Time Measurement

The detécto_'r , é_ported) dose rate was
just under the limif ector switches to GM mode.
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Effects of High Dead Time

PeakEasy Ver. 4.79 DT_MAX.spe + SourceAndDetOnTzGie_rocinDffFloor.spe
Livetime: 134.0 sec Deadtime: 55.33 % Neutrons: 0.010 cps
v
10° :
662 keV Blue: 137Cs at 1% dead time
5 Black: 137Cs at 55% dead time
. Sum Peak = 662 + 662 keV
107
@o
c
3 103 _
© Triple Sum
102
Quadruple Sum?
107 - \Z
] |
il
©o  s0 1000 s 2000 2800 3000
Energy (keV)
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Max DT Spectrum Analysis

Assuming you know it’'s 137Cs: ‘automatic nuclide identification’:

File Tools View Eile Tools View
eventList.pcf,4 - eventList.pcf,1 live-time(s) = 134.00 eventList.pcf,4 - eventList.pcf, 1 live-time(s) = 124.00
chi-square = 84.69 chi-square = 4465
108 T T T E 107 T T T T T
W 137CS1C 1 | W 1243B W 22NA |
| B gozr1C M 40K1C i
| M 99MO W 51CR,1C |
_ 5 _ 6 W 125],1C W 103PD W §0CO
o 10 1 | o 10 W 131 B {10AGM M g5ZN E
s == £ B 131XEM B 113SN
@ : f © W 177LU1C M 139CE,<ic M 133XE 1 |
6 6 W 177LUM W 152EU W 133XEM,1C
g 4 g 5 W 192IR W 154EU
o 10 E o 10 H 200TL,1C M 186HO,1C E
= = W 201TL,1C W 133BA1C
= 5 B 140LA1C
S S
4 4 226RA,1C
10 . 10" | 232TH,1C E
102 L ! L 103 i 1k L L
[l 1500 2000 2500 3000 (| 500 1000, 1500 2000 2500 3000
nergy (keV) = Erergy (keV)
Count Rates (cps): 2359823, 263144 1, 263144 1 Count Rates (cps): 295717.6, 1.26E+06, 15354.9, 0.0000, 0.0000, 18215.1, 1059.4, 0.0000, 16930.4, 285

v | |

1500 uCi (high by ~100%) _—
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Max Tolerable Dose Rate(s)?

4 different sources were used to push
the IdentiFINDERZ2 reported dose rate
until the ‘GM-mode’ was entered.

Reported Dose Rates [mrem/hr]

lmmm

Cs-137
Ba-133 15 5 1.5
NOT QzEMo
; Co-60 23 15 2
Am-241 o) 0 0.8

For these measurements the RadEye was placed
as close as possible to the position of the
IdentiFINDER Nal crystal relative to each source.
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Max Tolerable DT Spectra

Even though the reported dose rates were different for these sources at
the turn-over to GM mode, the dead times were effectively the same.

PeakEasy Ver. 4.79 DT_MAX_Cs137.spe PeakEasy Ver. 4.79 DT_MAX_Co60.spe

Livetime: 134.0 sec Deadtime: 55.33 % Neutrons: 0.010 cps Livetime. 26.00 sec Deadtime: 58.06 % Neutrons: 0 total

Co-60 (~58% DT
Cs-13 % DT 0
s-137 (~55%
237631 265672 cps
cps
1044 103
a
8 1% 3
102
1024
o!
1014
Q 100
| Mo Description Provided.
e R R e
sbo 1000 1500 2000 2500 3000 50 L =2 £ £ =0
Energy (keV) Energy (keV)
PeakEasy Ver. 4.79 DT_MAX_Ba133.spe PeakEasy Ver. 4.79 DT_MAX_Am241.spe
Livetime: 26.00 sec Deactime: 57.38%  Neutrons: 0.033 cps. Livelime: 2700 sec Deadtime: 5846%  Neulrans: 0.092 cps

Ba-133 (~57% DT) Am-241 (~58% DT)
307812 cps 250651 cps

Counts

|| No Description Provided.

L e e e e e e e e SR
500 1000 1500 2000 2500 3000
Energy (keV) Energy (keV)
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Dead Time Summary

Dead time within the design range is ~0.3 — 3%

Data taken at the low end of this range simply
suffers from low statistics for a given real time.

Data taken at the high end of this range causes
an apparent gain shift but does not really affect
analysis of the data.

Data taken above this high-DT limit can
significantly affect the spectrum.




IdentiFINDER2 & Neutrons

”  most neutron-efficient orientation

Gamma Dose Rate: 13.0 mrem/h Gamma Dose Rate: 2.7 mrem/h
Neutron Count Rate: 36 cps Neutron Count Rate: 100 cps

The above illustrates that the quoted dose rate is based on
gamma (GM tube or Nal) and not neutron count rate.
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Neutron Dose Rate and CPS

Source at 4.5” from REM ball
center on foam block above table

Neutron Dose Rate ~ 70 mR/h at
4.5” (contact with REM Ball)

Neutron Count Rate at 4.5 on foam
block above table: ~ 3 cps

(but this rate will change with
moderation!)

“« LOS Alamos
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Effects of Temperature

Goal was to study dependence of Nal RIID
performance on temperature.

Nal IdentiFINDER 2 cooled in refrigerator overnight

Measured sources in lab in successive 5-minute
spectra where temp was ~75 F

Non-contact temperature readings taken with FLIR 160
thermal imager.
Tape was placed on the detector crystal and the table
FLIR emissivity parameter was set to ‘tape’ 0.96

.

e LOS AIamos




Measurement Setup

Detector 40 cm from
source ‘in the carets’




Scintillator Temperature Behavior

A Nal detector was cooled in a refrigerator until it was 40 F and
then data were taken with a '3’Cs source as it warmed.

Room temp was approximately 75 F at table top. Initial detector temp was ~ 40 F at crystal.

Note: tape was placed on the detector and table top for a controlled emissivity.
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Temperature Readings vs. Time

Temp vs. Time

=~
%]

=~
=]

-t
wn®®

Temperature [F]

=Y ()] ¥y [=)] [a)]

(W] (=] i L] (W]
@

IS
o
p

Calibration Temp: 40 F

8]
¥

30
0 10 20 30 40 50 60

Time [min]

e
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Final Temperature

Final temp was approximately 73 F at crystal.
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137Cs Spectra vs Temperature

10000
—A41F

—33F

58 F
—62F
—65F

67 F
—70F
—71F
—72F

1000

100

10 Note: there was a 10-minute

gap between the 41 F and 53
F measurements as the 2nd

Ll necvertonty not savea

0 500 1000 1500 2000 2500 3000

Energy [keV] p— il

.
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137Cs 662-keV Peak versus Temperature

8000 A1F
7000 45 minutes __53F
58 F

6000 &N\ —62F
5000 —65F
67 F

4000 —7/0F
—71F

3000 —72F

2000

Note: there was a 10-minute
gap between the 41 F and 53
F measurements as the 2"
550 600 650 700 750 800 850 (49 F) spectrum was

En ergy [keV] inadvertently not saved.

1000

£
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Nuclide ID results vs. Temperature

Nuclide ID vs Temperature

12
10
I~
m
o .
= 8 O
™ L
- o
S g
: ¢
= o ~
o 4 + m
(&) =
= wi = =
= . 2 3
) ® = =
= £ £
m
0 L)
40.5 49 53 58 62 65 67 70 71 72

Temperature [F]
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PeakEasy Ver. 4.84 Spectrum 535.Measurement.spe + Cs-137 IdentiFINDER (Nal).SPE

Livetime: 297.0 sec Deadtime: 1.00 % Neutrons: 0 total
10°] [Cs-13.Cs-137(d) Cs-137(d)
X-Ray B.S.(est.) 662 keV
3 Strongest
. Weak
. Detector was calibrated at40 F |~ Very Weak
107 4

Counts

i I T
0 500 1000 1500 2000 2500 3000
Energy (keV)
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Why 1¢¢mHo for the 53 F spectrum?

PeakEasy Ver. 4.84 Spectrum 535.Measurement (appended).N42 (3) + Ho-166m IdentiFINDER (Nal).SPE
Livetime: 297.0 sec Deadtime: 1.00 % Neutrons: 0 total
5 Blk: Spectrum taken at 53 F
Blu: Pre-recorded 1%6mHo spectrum
1 from PeakEasy library
104 keV
o 10%
c
3
O
102
10"
|
0. v,
Detector was calibrated at 40 F m || | I| I
0 - I5c|>oI o I10'00I o I15'00I o I20'00I o I25'00I | I3000
Energy (keV)
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Nuclide ID Result for 133Ba Measurement

For the 30-min spectrum taken
while the detector was warming
both '3l and Plutonium were
falsely identified with
confidence values of 7 and 5
respectively.

Again, the detector was calibrated
as soon as possible with an initial
temperature measured as 42 F.
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Why plutonium?

PeakEasy Ver. 4.84 Spectrum 555.Measurement.spc + Pu-239 Oxide (6% Pu-240) |dentiFINDER (Nal). SPE

Livetime: 1780.0 sec Deadtime: 1.11 % Neutrons: 0.003 cps

] Blk: 133Ba Spectrum taken as detector warmed
I Blu: Pre-recorded WGPu spectrum

B ! 400-keV region

1044
137Cs Seed

10° 4 \

o \4
tl .[.-I' !

Counts

(W ;
101 | Il MJ"‘W['._L Illl L"
! '|1‘|H‘|1 \."-h" ‘I |I y
o || Detector was calibrated at 42 F L NN \| O
107 1l g ey i )
2nd Spectrum Multiplier: 1.25 l. | i H | .....LJ.
0 - 5lIJO - ‘IOIOO - 15IOO - 20|0Cl - 25|00 - SOIDO |

Energy (keV)
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Thermal Variations Summary

Drifting of the 3’"Cs 662-keV peak occurred as the detector
warmed.

It appears that most of the drift occurred within the first 30-minutes
of the warming process (for this thermal environment).

Nuclide ID results significantly varied from the ground truth as
expected

133Ba measurement was done in a similar fashion but with a 30-
minute integrated count as the detector warmed

In each respective case the spectra still looked like the respective
nuclides to the analyst’s eye , but the instrument calibrated in one
thermal environment was limited to identify nuclides as the
environment changed.
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